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[57] ABSTRACT 

Disclosed herein is a transmission system for determin- 
ing a position of a mobile station by using communica- 
tion satellites. The determination of the position of the 
mobile station is effected by one-line signal transmission 
from the mobile station through one satellite to a fixed 
station and by two-line signal tr aiiimlss i O D from the 
fixed station through two satellites to the mobile station. 
Thus, the construction of the transmission system can 
be made simple such that a transmitter for the one-tine 
signal transmission needs to be mounted on the mobile 
station. 

3 Claims, 5 Drawing Sheets 
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1 2 

ing signal from the first geostationary satellite 2 to the 
SATELLITE-BASED POSITION DETERMINING mobile station 1. 

SYSTEM After a predetermined time to has elapsed from a 

receiving timing of this synchronizing signal at the 
BACKGROUND OF THE INVENTION 5 mobile station 1, a first packet signal containing an ID 

. . number of a terminal in the mobile station 1 and also 

The present invention relates to a transmission system ^y^g information contained in an input signal is 
for determining a position of a mobile station by using traiumitted from the mobile station 1 to the first geosu- 
communication satellites. tionary satellite X At the same time, Le., after the prede- 

ConventkmaUy, a position of a mobile station, which , 0 termmt d time to has elapsed from the receiving timing 
incorporated m a vehicle such as an automobile or a ^ ^ lynchronixmg signal, a second packet signal 
ship or an aircraft, is determined by using communica- wmilar to the first packet signal is transmitted from the 
tton satellites. In the case of using three or more com- mobile station 1 to the secood geostationary satellite 3. 
munkatkw satellites, signals from these sateBhes are The above predetermmed tm>e lais a constant value, 
received by the mobile station. Then* on the basis of 13 md information of this time tpis preliwatiirfly stored in 
information obtained from receiving timings, a linear the fixed station 4 In regard to the traaimsiiion of these 
equation with four unknowns is solved to thereby calcu- packet signals from the mobile station t to the first and 
late the position of the mobile station. This position second geostationary satellites land & reference char* 
detennining system requires many satellites, and the acter \i denotes a time required for transmitting the 
mobile sution requires to be equipped with a number of 20 first packet signal from the mobile station 1 to the first 
receivers corresponding to these satellites. Further- geostationary satellite 2, and reference character t3 
m ore, it is necessary that precise computation for the denotes a time required for transmitting the second 
position determination is to be carried out in the mobile packet signal firom the mobile station 1 to the second 
sution. geostationary satellite 3. 

In contrast, there has been proposed in U.S. Pat. No. 23 The first and second packet signals are relayed bythe 
4,839,656, for example, a position determining system first geostationary satellite 2 and the second geosution- 
employing two geostationary satellites and carrying out ary satellite 3, respectively, and are then received by the 

^^^^^ system is con- 30 

structed as ilhWed in FIG. 3. for example* deferring ZLL^^^^TS^S^m^ 

station such as a truck whose present portion is m- ^ ^ f ^^^g ^ ,econd packet signal 
tended to be detenmned. The mobile station 1 *pro- 'JfsSond fSoniy saSTs Vo the fixed 

vided with a recehrer for receiving a radio wave from a » %£on4 «w»«««y ~u»ne * i« mc uacu 

first f^tkmary satellite X fjfj^^j^ Thereafter, in the fixed station A a distance between 

tran S? h ? g \ Ttd ^ y l ^J^ ^^^l the first geostationary satellite 3 and the mobile sution 
satellite 2, and a second transmitter for transmitting a t u canted from a receiving timing of the first packet 
radio wave to a secood geoctttiooary satelhte 3. On the ^ _ fccdved ^ ^ ^ geostationary satellite 1 a 
other band, a fixed station 4 on the ground is provided ^^^g # ^ .ynchronizmg signal trans- 
with a transmitter for transmitting a radio wave to the ^ ^ ^ ^ andl<SiUnC e between 

first geostationary satellite!, a ftm receiver for recav- ^ |^ tta ^ 4 «^ the fim geostatioo^ 
ing a radio wave from the first g eostationary satellite 2, similarly, a distance between the second geostationary 
and a second receiver for receiving a radio wave from 45 ^Mtt 3 and the mobile sution 1 is calculated from a 
the second geostationary satellite 3. Additionally, an- receiving timing of the second packet signal received 
other fixed station 5 for calibrating the position of the ^ Kcood geostationary satellite 3, the transmit- 

mobile station 1 is located at a position remote from the tin ^ ng of the synchronixmg signal and a distance 

fixed sution 4. The position calibrating fixed station 5 is between the fixed station 4 and the second geostatkm- 
provided with a receiver for receiving a radio wave 50 ^ wt ellite 3. More specifically, the distance between 
firom the first geostationary satellite 2, a fim transmitter the fUed sutkw 4 and the fim geostatiooary satellite 2 
for transmitting a radio wave to the first geostationary n a ftxed value, and the distance between the fixed 
satellite 2, and a second transmitter for transmitting a sution 4 and the second geostationary satellite 3 is also 
radio wave to the second g eo s t a ti o nar y satellite 3. a fixed value. Therefore, these distances can be prehmi- 

Next, a procedure for detennining a position of the 95 wily detenmned in the fixed station 4 Accordingly, 
mobile station 1 will be described with reference to the transmission time ti and the transmission time ti' 
FIG. 4. First, a synchronizing signal precisely managed between the fixed sution 4 and the first geosutkmary 
in time is transmitted from the fixed station 4 to the first satellite 2 can be determined from the above fixed dis- 
geostatkmary satellite 1 This synchronizing signal is tance between the fixed sution 4 and the first geotu- ' 
relayed by the first geostationary satellite 2, and is then 60 tionary satellite 1 Similarly, the transmission time U 
received by the receiver mounted on the mobile sution between the fixed station 4 and the second geosution- 
1. In regard to the transmission of the synchronizing ary satellite 3 can be determined from the above fixed 
signal from the fixed station 4 through the first geotu- distance between the fixed sution 4 and the second 
tionary satellite 3 to the mobile station i, reference geostationary satellite 3. In this case, the time ti is equal 
character ti denotes a time required for transmitting the 65 to the time ti' because the distance between the fixed 
synchronizing signal to the fixed station 4 to the first sution 4 and the first geostationary satellite 2 is fixed, 
geostationary satellite X and reference character Xi The retwuning transmission times t* t a ' and tj varies 
denotes a time required for uansnu tt in g the synchronize with a position of the mobile station 1. As to the trans- 
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minion times U and ti' # since the transmission between utellite 3. In general such ■ transmitter for transmitting 

the mobile station 1 and the first geostationary satellite a radio wave to a geostationary satellite requires a rcla- 

2 h carried out in the same distance, the transmission tively large transmission antenna, for example. Accord* 

t rr»»t tj and Xi are equal to each other. Accordingly, the mgly, it is not easy to mount the two sets of transmitters 

transmission time tj (^Xi) can be calculated by sub- 5 on a relatively small mobile station such as an automo- 

tmcting the known times tj, tf and to from a total time bile. Further, this prior art transmission system requires 

U required for the transmission from the transmitting two geostationary satellites for relaying relatively small 

timin g of the synchronizing signal to the receiving tiro- power radio waves from the mobile station, causing an 

ing of the packet signal via the first geostationary sate)- increase in cost for the construction of the system, 
lite X After thus detemining the transmission time ti, 10 «imma»v of thf INVENTION 

Uie tran sm ission t^ tican be calculated by subtracting SUMMARY OF THE INVENTION 

the known times ti, ti> Uand to from a total time U It is accordingly an object of the present invention to 

required for the transmission from the transmitting tin*- provide a transmission system which can determine a 

kg of the syn chr o n iz in g signal to the receiving timing position of a mobile station with a simpte co«truction 

oftheseccmdpacJtef sigiud w 15 ^ch that one-line signal transmission from the mobile 

satellite 3. station is needed. 

After thus calculating these transmission times t j and According to the present invention, there is provided 
tj, information of the times t 2 and U is converted into a transmission system for determining a position of a 
tnformatkm of distances on the basis of a transmission moW j e comprising means provided in said mo- 
rate, thus obtaining the distance between the mobile 20 bUe ^gtion for transmitting a position determination 
sution 1 and the first geostationary satellite 1 and the M nobik station through a first geosu- 
dbtance between the mobile station 1 and the second tkmiry Mtelhtc to a fUed sutkm; means provided in 
geostationary satellite 3. Then, on the buds of these two ^ ^ iutk)n for receiving said position determina- 
distances and information of precise positions of the first tion metns prov kled in said fixed station for 
and second geostationary satellites 2 and 3, a twe-dt- 25 trmntmitting a reference signal through said first 
pcmotulj position of the mobile sution 1 is calculated geostltioiury satellite to said mobile station; means 
m the fixed station 4 ; . . provided in said fixed sution for transmitting a second 

Tfcen, by usmg thu two^unensional position calcu- reference signal through a second geostationary satellite 

lated above and • d*a base of a tOT ^^^°J^^ to said mobiksution; means provided » said mobile 

thefised station 4. a ^jUniensic^ portion of the 30 f ^ fof ^ Terence, signal; means 

W ^ t ^}!t^^fu. provkiedmsaidniobU^ 

A manner of calculating the three4mnsionaI posi- Lf*—^ *i m \. m#*n* nmwi#d in ut^wi^U tt*tinn 

tion or the mobile sutkm 1 in the fixe^sutkm 4 will Sf^LSi^flS^ 

now be described with reference to FIG. 5. Referring to £^~™5 t^^^^^T^^ 
FIO- 5 f reference character dl denotes a distance be- 35 

tween the mobile sution 1 and the ftm*ecstatk»ary 2£H^5 ^^^X^^^^t 

sntetlite 2 which exist, on a predetermined orbit, and SS^EX^^ 

reference character d 2 denotes a disunce between the "J* posits detemuutioo ^ /<> • tuning 
mobile sution 1 and the second geosutionary utellite 3 

which also exists on the above predetermined orbit* A 40 "J i^S^^SSSS^ 

point on the earth E remote from the fim«eotUtkmary 

satellite 2 by the disunce d, describes a circle ct, and a J^^J^*?^ 

point on the earth E remote from the second gcosution- J 0 ^ 1 * 0 ™, T^!Sr~^r t 

Eysatellite 3 by the disunce dj describes a circle c 2 . comfwting the ptmtion of said mcWe«^on according 

Accordingly, two intersections ei between the circles 45 «« "»« mfc^maton of said first and second periods of 

ci and ci exist on the earth E, one of which intersections uroe transmitted above 

ei existmg onthesKirthenihTO . With this construction, ^j^^^^ P°"; 

existing on the southern hemisphere. A coordinate posi- tion of the mobde statiouu effected by one-line signal 

boo of each intersection e, can be determined from the ^ansmisaion from the mobile sution through one satel- 

dau base of the terrain map. 50 lite to a fixed station and by two-toe signal transmission 

Further, in carrying out the calculation of the coordi- from the fixed nation through two aatdMea to the rms 
nate position of the mobile sution 1, the transmission of bUe Thus, the construction of the transmission 
signals may be carried out between the fixed sution 4 •yitem can be made simple such that a transmitter for 
and the position calibrating fixed sutkm 5 in each set* the one-line signal transmission needs to be mounted on 
vice area via the first and sectmd geostationary satellitet 55 the mobile sution. Furthermore, only one satellite for 
2 and 3, so as to calibrate the above calculated coordi- relaying the signal transmission from the mobile sution 
jute position according to the signal returned to the to the fixed station is necessarily used to effectuate pre- 
position calibrating fixed sution 5. cisc determination of the position with a simple con- 

In the above prior art transmission system for deter- structkm. 
mining a position of the mobile station 1, it is necessary 60 Other objects and features of the invention will be 
to carry out the two-hue inbound transmission from the more fully understood from the following detailed de- 
mobile sution 1 to the fixed sution 4 and the one-line scription and appended claims when taken with the 
outbound transmission from the fixed sutkm 4 to the accompanying drawings. 

tttttEttSETl S^to • ™<* DESCR.HK.N OF THE DRAWINGS 
transmitter for transmitting a radio wave to the first FIG. 1 is a schematic illustration of the construction 

geosutionary satcJlhe 2 and the second transmitter for of the transmission system according to a preferred 

* **#4m« umuji Mfk* «Mvwut •Mttftatmtftrv embodiment of the nresent invention: 
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FIG. 2 is a timing chart for explaining the transmis- won from the fixed station 14 to the Ant geostationary 
tkm of signals in the transmission system shown in FIG. satellite 12 and the second geostationary satellite 13, 
j. reference character t)2 denotes a time required for the 

' FIG. 3 is a schematic illustration of the construction transmission of the first reference signal from the fixed 
of the transmission system in the prior art; 5 station 14 to the first geostationary satellite 12, and 

FIG. 4 is a timing chart of explaining the transmission reference character tu denotes a time required for the 
of signals in the transmission system shown in FIG. 3; transmission of the second reference signal from the 
lad fixed station 14. 

FIG. 5 is a schematic illustration for explaining a Then, the first reference signal relayed by the first 
manner of calculation of a position of a mobile station. 10 geostationary satellite 12 is received by the first receiver 

^ _ w in the mobile station 11, while the second reference 

DETAILED DESCRIPTION OF THE ago*] relayed by the second geostationary satellite 13 is 

PREFERRED EMBODIMENT received by the second receiver in the mobile station 11. 

There win now be descried a preferred embodiment In the mobile station 11* h is determined which of the 
of the present invention with reference to FIGS, land 15 first and second reference signal* has been relayed by 
2, ' either the first geostationary satellite 12 or the second 

In this preferred embodiment, determination of a geostationary satellite 13 according to the identification 
position of a mobile station » carried out by a transmit signals contained in the reference signals received. In 
sk» system as shown in FIG. 1. Referring to FIG. 1, regard to the transmission from the first geostationary 
reference numeral 11 designates a mobile station such as 20 satellite 12 and the second geostationary satellite 13 to 
a truck whose position is to be determined. The mobile the mobile station 11, reference character tn' denotes a 
station 11 is provided with a first receiver for receiving time required for the transmission of the first refer ence 
a radio wave from a first geostationary satellite 12, a signal from the first geostationary satellite 12 to the 
second receiver for receiving a radio wave from a sec* mobile station 11, and reference character t« denotes a 
ond geostationary satellite 13, and a transmitter for 25 time required for the transmission of the second refer- 
transmitting a radio wave to the first geostationary ence signal from the second geostationary satellite 13 to 
satellite 12. In this case, the transmission from the mo- the mobile station 11. 

bile station 11 to the first geostationary satellite 12 is As shown in FIG. 2, reference character t, denotes a 
carried out with a frequency band of 1.6 GHz, for exam- total time required for the transmission from the trans* 
pie, and the transmission from each of the first geosta- 30 nutting timing when the position determination signal is 
tionary satellite 12 and the second geostationary satel- transmitted from the mobile station 11 to a receiving 
hte 13 to the mobile station 11 is carried out with a timing when the first reference signal is received by the 
frequency band of 4 GHz, for example. Further, a fixed mobile station 11, while reference character t, denotes a 
station 14 on the ground is provided with a first trans- total time required for the transmission from the trans- 
mitter for transmitting a radio wave to the first geosta- 35 mining timing when the position deteramatkm signal is 
tionary satellite 12, a second transmitter for transmitting transmitted from the mobile station 11 to a receiving 
a radio wave to the second geostationary satellite 13, timing when the second reference signal is received by 
and a receiver for receiving a radio wave from the first the mobile station 11. Both the total time Uand the total 
geostationary satellite 12. time t^are measured by a measuring means in the mobile 

Next, a procedure for deterntining a position of the 40 station 11. 
mobile station 11 will be described with reference to In the next step, information of the total time t x and 
FIG. X First, when a present position of the mobile the total time ^measured above is transmitted from the 
station Ubmtended to be determined, a poshion deter- mobile station 11 through the first geostationary satel- 
niinatkw ngnal b transmitted from the mobile station 11 lite 12 to the fixed station 14. Subsequently, in the fixed 
to the first geostationary satellite 12. At this time, a 45 station 14, a distance between the first geostationary 
transmitting timing of the position determination signal satellite 12 and the mobile station 11 is calculated from 
is stored in the mobile station 11. In regard to this trans- the total time t* and a distance between the second 
mission, reference character tn denotes a time required geostationary satellite 13 and the mobile station 11 is 
for the transmission of the position detenninatkm signal calculated from the total time t^ More specifically, a 
from the mobile station 11 to the first geostationary 50 distance between the fixed station and the first geosta- 
satellite 12. tionary satellite 12 is a fixed value, and a distance be- 

Then, the position determination signal relayed by tween the fixed station 14 and the second geostationary 
the first geostationary satellite 12 is received by the satellite 13 is also a fixed value. Therefore, these dis- 
receiver in the fixed station. In regard to this transmis- tances can be preliminarily determined in the fixed fu- 
sion, reference character tu denotes a time required for 53 don 14. Accordingly, the t ransmiss io n time tn and the 
the transmission of the position determination signal transmission time tta' between the fixed station 14 and 
from the first geostationary satellite 12 to the fixed the first geostationary satellite 12 can be determined 
station 14. When the position determination signal is from the above fixed distance between the fixed station 
received by the receiver in the fixed station 14 as men- 14 and the first geostationary satellite 12. Similarly, the 
tioned above, a first reference signal containing a prede- 60 transmission time tis between the fixed station 14 and 
termined identification signal is transmitted from the the second geostationary satellite 13 can be determined 
first transmitter in the fixed station to the first geosta- from the above fixed distance between the fixed station 
tionary satellite 12 after a predetermined time tn has 14 and the second geostationary satellite 13. The re- 
elapsed. At the Same time, a second reference signal maining transmission times tn, tn' and tu varies posi- 
containing a predetermined identification signal is trans- 65 tkm of the mobile station 11. As to the transmission 
mined from the second transmitter in the fixed station tiroes tu and tu\ «nce *-« transmission between the 
14 to the second geostationary satellite 13 after a prede* mobile station 11 and the first geostationary satellite 12 
tennined time tubas elapsed. In regard to the transmis- is carried out in the same distance, the transmission 
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times tn and in are equal to each Other. Accordingly, 
the transmission time Hi (=tiO can be calculated by 
subtracting the known times i\h in and tn from the 
total time h 

Similarly, the transmission time tu can be calculated 5 
by subtracting the known times tu, tu and tts and the 
above calculated time tn from the tout time x r 

Alter thus calculating the transmission times tn and 
tta it converted into information of distances on the 
basis of a transmission rate, thus obtaining the distance 10 
^between the inobfle station 11 and the first geostation- 
ary satellite 12 and the distance between the mobile 
station 11 and the second geostationary satellite 13. 
Then, on the basis of these two distances and informa- 
tion of precise positions of the first and second geosta- 1$ 
tkmary satellites 11 and 13, a two-dfeneaskmal position 
of the mobile station 1 1 is calculated in the fixed station 
14. Then, by using information of this two-dimensional 
position calculated above and a data base of a terrain 
map provided in the fixed station 14, a thrce-dimcn* 20 
stoat] position of the mobile station 11 is calculated. 
The calculation of the three-cUinenskma) position of the 
mobile station 11 is carried out in the same manner as in 
the prior art. Further, in carrying out the calculation of 
the coordinate position of the mobile station 11, another 25 
fixed station for position calibration (not shown) may be 
provided in each service area, so as to carry out the 
transmission of signals between the fixed station 14 and 
the position calibrating fixed station via the first and 
second geostationary satellites 12 and 13 and calibrate 30 
the above calculated coordinate position according to 
the signal returned to the position calibrating fixed sta- 
tion, thereby more precisely determining the poshic*. 

According to the preferred embodiment as described 
above, the position of the mobile station 11 can be deter- 33 
mined by the one-line transmission from the mobile 
station 11 via the first geostationary satellite 12 and the 
two-line transmission from the fixed station 14 via the 
second geostationary satellite 13. Accordingly, it is 
sufficient to have the mobile station 11 be equipped with 40 
* single transmitter for the one-line transmission via the 
fim geostationary satellite 12, thereby making compact 
a position determining device to be equipped in the 
mobile station 11. In general, such a transmitter for the 
transnitsooa to a geostationary satellite requires a large- 45 
sized transmission antenna* However, since a single 
transmitter is only necessary as the transmitter to be 
provided in the mobile station 11 according to the pres- 
ent invention, the position determining device can be 
installed in a small space as of an automobile as the 50 
mobile station 11. Further, since the computation for 
the position determination is carried out in the fixed 
station, the accuracy of the position determination is not 
lowered. Further, as the two receivers mounted on the 
mobile station 11 receive relatively large power signals, 55 
they can be made more compact than the transmitter, 
and an installation space for even the two receivers can 
be accordingly made small. Additionally, the first geo- 
stationary satellite 12 functions as a g eo sta t io n a r y satel- 
lite for relaying a relatively small power signal from the 60 
mobile station 11, and the second geostationary satellite 
13 functions only as a geostationary satellite for relaying 
a relatively large power signal from the fixed station 14. 
Accordingly, a general purpose communication satellite 
may be used as the second geostationary satellite 13, 62 
while the first geostationary satellite 12 is only neces- 
sary as a dedicated geostationary satellite for the pur- 
pose of the position determination. 
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Although the above preferred embodiment is applied 
to a transmission system for determining a position of an 
automobile such as a truck, the transmission system of 
the present invention may be applied to any other mov- 
able bodies such as a ship. Further, the transmission 
frequency as mentioned in the above preferred embodi- 
ment is merely exemplary, and it may be suitably se- 
lected according to a service condition. 

While the invention has been described with refer- 
ence to a specific embodiment, the description is illus- 
trative and is not to be construed as limiting the scope of 
the invention. Various modifications and changes may 
occur to those skilled in the art without departing from 
the spirit and scope of the invention as defined by the 
appended claims. 

What is claimed is: 

1. A system for determining a position of a mobile 
station, comprising: _ 

means incorporated in said mobile station for trans- 
mitting a position determination signal from said 
mobile station through a first geostationary satellite 
to a fixed station; 

means incorporated in said fixed station for receiving 
said position determination signal; 

means incorporated in said fixed station for transmit- 
ting a first reference signal through said first geo- 
stationary satellite to said mobile station; 

means incorporated in said fixed station for transmit- 
ting a second reference signal through a second 
geostationary satellite to said mobile station; 

means incorporated in said mobile station for receiv- 
ing said first reference signal; 

means incorporated in said mobile station for receiv- 
ing said second reference signal; 

means incorporated in said mobile station for measur- 
ing a first period of time from a transmitting timing 
of said position determination signal to a receiving 
timing of said first reference signal and measuring a 
second period of time from the transmitting timing 
of said position determination signal to a receiving 
timing of said second reference signal; 

said transmitting means incorporated in said mobile 
station transmitting information of said first and 
second periods of time measured above through 
said first geostationary satellite to said fixed station; 
and 

means incorporated in said fixed station for comput- 
ing the position of said mobile station according to 
the information of said first and second periods of 
time transmitted above. 

2. A method of determining a position of a mobile 
station, comprising the steps of: 

transmitting a position determination signal from said 
mobile station through a first geostationary satellite 
to a fixed station; 

receiving said position determination signal in said 
fixed station; 

transmitting a first reference signal from said fixed 
station through said first geostationary satellite to 
said mobile station after a first predetermined time 
has elapsed from a receiving timing of said position 
determination signal; 

transmitting a second reference signal from said fixed 
station through a second geostationary satellite to 
said mobile station after a second predetermined 
time has elapsed from the receiving timing of said 
position determination signal; 
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receiving said first reference signal in said mobile 
station; 

receiving said second reference signal in said mobile 
station; 

measuring a first period of time from a transmitting 
timing of said position determination signal to a 
receiving timing of said first reference signal and a 
second period of time from the transmitting timing 
of said position determination signal to a receiving 
timing of said second reference signal, in said mo- 
bile station; 
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transmitting information of said first and second peri- 
ods of time measured above through said first geo- 
stationary satellite to said fixed station; and 
computing the position of said mobile station accord* 
ing to the information of said first and second peri* 
ods of time transmitted above, in said fixed station. 
3. The transmission system as defined in claim 1, 
wherein said first reference signal contains a predeter- 
mined identification signal for identifying transmission 
through said first geostationary satellite, and said sec- 
ond reference signal contains a predetermined identifi- 
cation signal for identifying transn^tsion through said 
second geostationary satellite. 
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